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DISK ARRAY APPARATUS AND DISK ARRAY 
APPARATUS CONTROLLING METHOD 



CROSS-REFERENCE TO RELATED APPLICATION 

This application relates to and claims 
priority from Japanese Patent Application No. 2004- 
009004, filed on January 16, 2004, and priority from 
Japanese Patent Application No. 2004-85575 filed on 
March 23, 2004, the entire disclosures of which are 
incorporated herein by references. 

BACKGROUND OF THE INVENTION 

The present invention relates to a disk array 
apparatus and disk array apparatus controlling method. 

In various fields, primary importance is 
attached to environmental issues and a cost reduction 
in recent years. There is a trend among disk array 
apparatuses to deal with these problems by reducing 
power consumption. US2003/0193732A1 discloses a method 
of controlling access from an information processing 
apparatus to each hard disk drive group (RAID group) of 
a disk array apparatus and setting all hard disk drives 
which make up the RAID group to a power saving mode 
when there is no access for a certain period of time. 

Furthermore, the disk array apparatus, is 
required to prevent trouble with the individual hard 
disk drives and extend the life of the entire disk 



array apparatus. US6057974A discloses a method of 
carrying out operation of setting hard disk drives to a 
power saving mode (stopping spinning of magnetic disks) 
one by one at predetermined time intervals and thereby 
preventing trouble with the hard disk drives without 
drastically reducing the access performance. 

The method according to US2003/0193732A1 sets 
all hard disk drives to a power saving mode for each 
RAID group. For this reason, when an information 
processing apparatus issues a request for access to a 
logical volume of the above described RAID group, it is 
necessary to cancel the power saving mode first and 
then respond to the access request, which drastically 
reduces the access performance. Thus, there is a 
demand for a reduction of power consumption at hard 
disk drives without drastically reducing the access 
performance . 

Furthermore, a disk array apparatus combining 
a plurality of hard disk drives with different 
interface standards is used in recent years. The 
interface standard is, for example, a fiber channel and 
serial ATA. Compared to a fiber channel hard disk 
drive, a serial ATA hard disk drive has lower 
reliability and shorter life. However, the serial ATA 
hard disk drive is less expensive than the fiber 
channel hard disk drive, and so the serial ATA hard 
disk drive is used for tasks other than key tasks, and 
the serial ATA hard disk drive and fiber channel hard 



disk drive are often used discriminately according to 
their applications . 

For example, suppose a disk array apparatus 
consists of a fiber channel hard disk drive and a 
serial ATA hard disk drive. In this case, since the 
serial ATA hard disk drive has shorter life, the life 
of the entire disk array apparatus is shortened by 
being influenced by the life of the serial ATA hard 
disk drive. For this reason, when the disk array 
apparatus consists of hard disk drives according to a 
plurality of interface standards, there is a demand for 
extending the life of the hard disk drives. Using the 
method disclosed in US6057974A can set hard disk drives 
one by one to a power saving mode, thereby prevent 
trouble of the hard disk drives and extend the life of 
the hard disk drives, but the method in US6057974A 
discloses no considerations about the case where a disk 
array apparatus consists of hard disk drives according 
to a plurality of interface standards. 

The present invention has been implemented in 
view of the above described problems and it is an 
object of the present invention to provide a disk array 
apparatus and disk array apparatus controlling method. 

SUMMARY OF THE INVENTION 

In order to solve the above described 
problems, the present invention relates to a disk array 
apparatus connected to an information processing 



apparatus so as to be able to communicate therewith, 
comprising a plurality of hard disk drives and a 
controller constructed by including a host interface 
which receives a request for a data read and request 
for a data write from/to the above described hard disk 
dri ves from the above described information processing 
apparatus, a disk interface connected to the above 
described hard disk drives so as to be able to 
communicate therewith through a communication path 
which performs data input/output to/from the above 
described hard disk drives, a memory, a CPU which 
controls the above described host interface and the 
above described disk interface and a time counting 
mechanism, characterized in that a logical volume is 
formed in a RAID group with redundancy made up of a 
plurality of the above described hard disk drives and 
the above described disk array apparatus comprises an 
access time storage section which stores, upon 
reception of a request for a data read or request for a 
data write from/to the above described logical volume 
from the above described information processing 
apparatus, the time acquired from the above described 
time counting mechanism as the access time in the above 
described memory in association with an identifier of 
the above described RAID group in which the above 
described logical volume is formed and a power saving 
mode execution section which refers to the above 
described access time stored in the above described 



memory and sets a number of the above described hard 
disk drives according to the redundancy of the above 
described RAID group to a power saving mode when the 
difference between the time acquired from the above 
described time counting mechanism and the above 
described access time exceeds a predetermined time. 

Furthermore, the present invention relates to 
a disk array apparatus connected to an information 
processing apparatus so as to be able to communicate 
therewith, comprising a plurality of first hard disk 
drives which perform data transmission/reception 
according to a first interface standard, a plurality of 
second hard disk drives which perform data 
transmission/reception according to a second interface 
standard having a shorter life than the above described 
first hard disk drives and a controller constructed by 
including a host interface which receives a request for 
a data read and request for a data write from/to the 
above described first or second hard disk drives from 
the above described information processing apparatus, a 
disk interface connected to the above described first 
or second hard disk drives so as to be able to 
communicate therewith through a communication path 
which performs data input/output to/from the above 
described first or second hard disk drives, a memory, a 
CPU which controls the above described host interface 
and the above described disk interface and a time 
counting mechanism, characterized in that a logical 



volume is formed in a RAID group consisting of a 
plurality of the above described first or second hard 
disk drives and the above described disk array 
apparatus comprises an access time storage section 
which stores, upon reception of a request for a data 
read or request for a data write from/to the above 
described logical volume is received from the above 
described information processing apparatus, the time 
acquired from the above described time counting 
mechanism as the access time in the above described 
memory in association with an identifier of the above 
described RAID group in which the above described 
logical volume is formed and a power saving mode 
execution section which refers to the above described 
access time stored in the above described memory and 
sets, for the above described RAID group whose 
difference between the time acquired from the above 
described time . counting mechanism and the above 
described access time exceeds a predetermined time, a 
number of the above described first hard disk drives 
according to the redundancy of the above described RAID 
group to a power saving mode when the RAID group 
consists of only the first hard disk drives and sets an 
arbitrary number of the above described second hard 
disk drives to a power saving mode when the above 
described RAID group consists of only the above 
described second hard disk drives, a power saving start 
time storage section which stores the time acquired 



from the above described time counting mechanism as a 
power saving start time in the above described memory 
in association with an identifier of the RAID group 
when the above described first or second hard disk 
drives are set to a power saving mode by the above 
described power saving mode execution section and a 
power saving mode cancellation section which refers to 
the above described power saving start time and cancels 
the power saving mode of the above described first or 
second hard disk drives in the power saving mode when 
the difference between the above described power saving 
start time and the time acquired from the above 
described time counting mechanism exceeds a 
predetermined time . 

The present invention can provide a disk 
array apparatus and a disk array apparatus controlling 
method. 

Other objects, features and advantages of the 
invention will become apparent from the following 
description of the embodiments of the invention taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a hardware 
configuration of a disk array apparatus according to a 
first embodiment and second embodiment; 

Fig. 2 is a block diagram showing functions 
of a controller according to the first embodiment; 
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Fig. 3 illustrates a RAID group control table 
and power saving wait time according to the first 
embodiment ; 

Fig. 4 is a flow chart showing power saving 
5 processing according to the first embodiment; 

Fig. 5 is a flow chart showing READ 
processing according to the first embodiment; 

Fig. 6 is a flow chart showing WRITE 
processing using spare drives according to the first 
. 10 embodiment; 

Fig. 7 is a flow chart showing WRITE 
processing without using any spare drives according to 
the first embodiment; 

Fig. 8 illustrates a connection mode of fiber 
15 channel hard disk drives according to the first 
embodiment; 

Fig. 9 illustrates a first connection mode of 
serial ATA hard disk drives according to the first 
embodiment; 

20 Fig. 10 illustrates a configuration example 

of a RAID group when the converter is placed in the 
additional case according to the first embodiment as 
shown in Fig. 9; 

Fig. 11 illustrates a second connection mode 

25 of serial ATA hard disk drives according to the first 
embodiment; 

Fig. 12 illustrates a configuration example 
of a RAID group according to the first embodiment when 
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the converters are arranged as shown in Fig. 11; 

Fig. 13 is a block diagram showing functions 
of a controller according to a second embodiment; 

Fig. 14 illustrates a RAID group control 
5 table, hard disk drive control table, power saving 
control table, spare control table, unload wait time, 
upper limit control table and error control table 
•according to the second embodiment; 

Fig. 15 is a flow chart showing power saving 
10 processing according to the second embodiment; 

Fig. 16 is a flow chart showing READ 
processing according to the second embodiment; 

Fig. 17 is a flow chart showing WRITE 
processing using spare drives according to the second 
15 embodiment; 

Fig. 18 is a flow chart showing WRITE 
processing without using any spare drives according to 
the second embodiment; 

Fig. 19 is a flow chart showing processing of 
20 setting hard disk drives to a power saving mode for 

each RAID group using the spare drives according to the 
second embodiment; 

Fig. 20 is a flow chart showing processing of 
unloading the heads of the hard disk drives according 
2 5 to the second embodiment; 

Fig. 21 is a flow chart showing processing of 
deciding the life of the hard disk drives according to 
the second embodiment; and 
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Fig. 22 is a flow chart showing processing of 
replacing hard disk drives by spare drives based on a 
count of errors produced at the hard disk drives 
according to the second embodiment. 

DESCRIPTION OF THE EMBODIMENT 
1- First embodiment 

Fig. 1 is a block diagram showing a hardware 
configuration of a disk array apparatus which will be 
explained as a first embodiment of the present 
invention . 

Information processing apparatuses 20 are 
connected to a disk array apparatus 10 through a SAN 
(Storage Area Network) 30 and a control terminal 90 is 
also connected to the disk array apparatus 10 through a 
LAN (Local Area Network) . 

The information processing apparatus 20 is a 
personal computer, workstation or mainframe computer, 
etc. On the information processing apparatus 20, an 
operating system is operating. Under the operating 
system, application software is operating. The 
application software provides functions such as a bank 
automatic teller machine system and airplane seat 
reservation system . 

The control terminal 90 is a computer to 
perform maintenance and control of the disk array 
apparatuses 10 and hard disk drives 80 and connected to 
the disk array apparatus 10 through a LAN. The LAN 



carries out a communication according to a protocol 
such as TCP/IP and is a network which connects the disk 
array apparatus 10 and the control terminal 90. The 
control terminal 90 need not always be run through 
communication means like LAN, but may also be connected 
through an SCSI (Small Computer Systems Interface) 
compliant communication line or Peer to Peer, etc. 
Furthermore, the control terminal 90 may also be 
incorporated in the disk array apparatus. 

As shown in Fig. 1, the information 
processing apparatuses 20 are connected to the disk 
array apparatus 10 through the SAN 30. The information 
processing apparatus 20 is a personal computer, 
workstation or mainframe computer, etc. 

The disk array apparatus 10 is provided with 
a basic case 11 and one or a plurality of additional 
cases 12. In this embodiment, the basic case 11 is 
provided with controllers 13, hard disk drives 80, etc. 
The controller 13 is provided with host interfaces 40, 
disk interfaces 50, a CPU 14, a memory 15, a time 
counting mechanism 16, a cache memory 60 and a data 
controller 17, etc. Furthermore, the additional case 
12 is provided with hard disk drives 80, etc. The hard 
disk drives 80 of the basic case and additional case 
are connected to the disk interfaces 50 so as to be 
able to communicate therewith through communication 
paths 81. Details of the mode of connections between 
the disk interfaces 50 and hard disk drives 80 will be 
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described later. 

The host interface 40 is an interface for 
carrying out a communication with the information 
processing apparatus 20. The host interface 40 has a 
function of accepting a block access request according 
to a fiber channel protocol. 

The disk interface 50 is an interface for 
carrying out data transfer to/from the hard disk drives 
80 under instructions from the CPU 14. The disk 
interface 50 is provided with a function of sending a 
data input/output request to/from the hard disk drives 
80 according to the protocol specified by a command for 
controlling the hard disk drives 80. 

The CPU 14 controls the entire disk array 
apparatus 10 and controls the host interfaces 40, disk 
interfaces 50 and data controller 17, etc., by 
executing a microprogram stored in the memory 15. In 
addition to the microprogram, the memory 15 also stores 
a RAID group control table 301, etc., which will be 
described later. 

The cache memory 60 is used to temporarily 
store data exchanged between the host interface 40 and 
disk interface 50. 

The time counting mechanism 16 is a circuit 
capable of measuring time. The time counting mechanism 
16 may also be implemented by a microprogram stored in 
the memory 15 not by hardware such as a circuit. 

The data controller 17 transfers data between 
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the host interface 40 and cache memory 60 or between 
the cache memory 60 and disk interface 50 under the 
control of the CPU 14. 

The controller 13 is provided with a function 
of controlling the hard disk drives 80 at a RAID level 
(e.g., 0, 1, and 5) specified by a so-called RAID 
(Redundant Array of Inexpensive Disks) system. 
According to the RAID system, a plurality of hard disk 
drives 80 are controlled as one group (hereinafter 
referred to as "RAID group") . On the RAID group 82, a 
logical volume 83 which is a unit of access from the 
information processing apparatus 20 is formed and each 
logical volume 83 is assigned an identifier called "LUN 
(Logical Unit Number)." 

Furthermore, the disk array apparatus 10 may 
also be provided with a spare drive 85 made up of one 
or a plurality of hard disk drives 80, which is an 
alternate apparatus for when trouble occurs with the 
hard disk drives 80 making up the RAID group 82. 

In addition to the configuration explained 
above, the disk array apparatus may also function as an 
NAS (Network Attached Storage) constructed so as to 
accept a data input/output request from an information 
processing apparatus 20 by specifying a file name 
according to a protocol such as an NFS (Network File 
System) . 

The hard disk drive 80 is a hard disk 
apparatus capable of communicating according to 



interface standards such as an FC (Fibre Channel) and 
serial ATA (Serial AT Attachment) . The hard disk drive 
80 is provided with a plurality of magnetic disks and 
reads/writes data by its head accessing the data on the 
magnetic disk. 

There are head operation systems such as a 
CSS (Contact Start Stop) system and a load/unload 
system. According to the CSS system, the head rests on 
the innermost radius area of the magnetic disk while 
the magnetic disk is not spinning and when the magnetic 
disk spins,, the head floats above the surface of the 
magnetic disk through a wind pressure produced by the 
spinning. According to the load/unload system, the 
head retracts (is unloaded) to the outside of the 
magnetic disk while the magnetic disk is not spinning 
and when the magnetic disk spins, the head is moved 
(loaded) onto the magnetic disk. 

Furthermore, the hard disk drive 80 is 
provided with a plurality of operating modes with 
different amounts of power consumption. The plurality 
of operating modes are realized by controlling the 
spinning of the spindle of the hard disk drive 80. For 
example, when the interface standard of the hard disk 
drive 80 is serial ATA, there are four operating modes; 
active, idle, standby and sleep. Power consumption 
lowers in the above described order of the four modes 
and the speed of responding to an access request such 
as a data input/output request lowers in that order. 



Therefore, when there is no request for access to the 
hard disk drive 80, setting a power saving mode such as 
standby and sleep can reduce power consumption of the 
hard disk drive 80. 

The hard disk drives 80 may be integral with 
the disk array apparatus 10 or may also be independent 
thereof. The storage area provided by the hard disk 
drive 80 is controlled in units of the aforementioned 
logical volume 83. Data can be written and read 
to/from the hard disk drives 80 by specifying a LUN 
(Logical Unit Number) which is an identifier assigned 
to the logical volume 83. 

The communication path 81 is, for example, an 
FC-AL (Fibre Channel Arbitrated Loop) and connects the 
disk interface 50 and hard disk drive 80 so as to be 
able to communicate with each other. The disk 
interface 50 and hard disk drive 80 may be connected so 
as to communicate with each other through an FC-AL hub 
or a fiber channel cable may also be connected 
directly. 

Fig. 2 is a block diagram showing functions 
of the controller 13 according to the first embodiment. 
The controller 13 is provided with an access time 
storage section 201, a power saving mode execution 
section 202, a communication path selection section 
203, a read request responding section 204, a power 
saving mode cancellation section 205, a spare drive 
storage section 206, a write request responding section 



207 and a position information storage section 208. 
The respective sections 201 to 208 are implemented by 
the CPU 14 of the controller 13 executing a program 
stored in the memory 15. 

Fig. 3 illustrates a RAID group control table 
301 stored in the memory 15 and a power saving wait 
time 302. 

The RAID group control table 301 includes 
fields like "setting RAID", "control LUN" , "access 
time", "mounting position (drive number)", 
"communication path number" and "power saving start 
time." The "setting RAID" field sets the number 
indicating the RAID group. 

The "control LUN" field stores the LUNs of 
all logical volumes 83 set in the RAID group. The 
"access time" field sets the time of the last access 
from the information processing apparatus 20 to any one 
of the logical volumes 83 in the RAID group 82. When 
the host interface 40 receives an access request from 
the information processing apparatus 20, the access 
time storage section 201 acquires the current time from 
the time counting mechanism 16 and sets it as the 
"access time." The "mounting position" field sets 
positions where all the hard disk drives 80 of the RAID 
group 82 are set to a power saving mode. The 
"communication path number" field sets numbers 
indicating the communication paths 81 to which all the 
hard disk drives 80 of the RAID group 82 set to a power 



saving mode are connected. The "power saving start 
time" field sets times at which the hard disk drives 80 
of the RAID group 82 were set to a power saving mode. 
The power saving mode execution section 202 sets power 
5 saving information on the "mounting position", 

"communication path number" and "power saving start 
time" when the hard disk drives 80 are set to a power 
saving mode in the power saving processing which will 
be described later. 

10 The power saving wait time 302 sets a time 

until the hard disk drive 80 is set to a power saving 
mode. That is, when there is no access from the 
information processing apparatus 20 to any one of the 
logical volumes 80 in the RAID group 82 for the time 

15 set in the power saving wait time 302, the hard disk 
drives 80 are set to a power saving mode in the RAID 
group 82 according to a procedure which will be 
described later. The power saving wait time 302 is set 
by the control terminal 90. 

20 == Power saving processing flow == 

Fig. 4 is a flow chart showing power saving 
processing according to the first embodiment. The 
power saving processing is performed for each RAID 
group 82. 

25 The power saving mode execution section 202 

is monitoring the RAID group 82 as to whether the 
difference between the access time registered in the 
RAID group control table 301 and the current time 
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exceeds the power saving wait time or not (S401) . When 
the difference exceeds the power saving wait time, the 
power saving mode execution section 202 checks whether 
the RAID group 82 has a RAID configuration with 
5 redundancy or not (S402) . 

The RAID configuration with redundancy refers 
to a configuration capable of correctly reading data 
even if trouble occurs with one or a plurality of hard 
disk drives 80 making up the RAID group 82. For 

10 example, in the case of the RAIDS, when trouble occurs 
with one hard disk drive 82 out of a plurality of hard 
disk drives 80 making up the RAID group 82, it is 
possible to reconstruct the data stored in the hard 
disk drive 82 with the trouble using the remaining hard 

15 disk drives 82 with no trouble. However, when trouble 
occurs with one hard disk drive 80 out of the plurality 
of hard disk drives 80 making up the RAID group 82, 
RAID0 cannot read data correctly, and therefore RAID0 
has no redundancy. 

20 When the RAID configuration of the RAID group 

82 which has exceeded the power saving wait time has no 
redundancy, the power saving mode execution section 202 
terminates the processing without changing the 
operating mode of the hard disk drives 80. 

25 When the RAID configuration of the RAID group 

82 which has exceeded the power saving wait time has 
redundancy, the power saving mode execution section 202 
starts processing of setting a number of the hard disk 



drives 80 corresponding to this redundancy to a power 
saving mode. Here, the number according to the 
redundancy refers to a maximum number of the hard disk 
drives 80 without which it is possible to correctly 
read data using the remaining hard disk drives 80. 
When there are a plurality of candidate hard disk 
drives 80 which can be set to a power saving mode, the 
communication path selection section 203 selects a 
communication path 81 to which the hard disk drives 80 
to be set to a power saving mode are connected (S403) . 
In this case, the communication path selection section 
203 refers to the communication path numbers of the 
hard disk drives 80 stored in the RAID group control 
table 301 and set to a power saving mode and selects a 
communication path 81 to which the least number of hard 
disk drives 80 in a power saving mode are connected. 
The power saving mode execution section 202 changes the 
operating mode of a number of the hard disk drives 80 
according to the redundancy connected to the selected 
communication path 81 to a power saving mode (S404). 
The power saving mode execution section 202 registers 
the mounting position, communication path number of the 
hard disk drive 80 set to a power saving mode and the 
time at which the power saving mode is set in the RAID 
group control table (S405) . 

Here, the hard disk drives 80 can be set to a 
power saving mode by stopping the spinning of the 
spindle of the hard disk drives 80 or changing the 
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operating mode from active to idle, standby or sleep, 
etc . 

== READ processing flow — 

Fig. 5 is a flow chart showing a processing 

flow when a data read request is received from the 

information processing apparatus 20. 

When the host interface 40 receives a data 

read request from the information processing apparatus 

20 (S501) , the read request responding section 204 

checks whether the RAID group 82 to which the logical 

volume 83, the target of the read request, belongs is 

in a power saving mode or not (S502) . 

When the RAID group 82 is not set to a power 

saving mode, the read request responding section 204 
reads the requested data from the hard disk drive 80 

(S503) and sends the read data to the information 
processing apparatus 20. The access time storage 
section 201 registers the current time acquired from 
the time counting mechanism 16 as the access time of 
the RAID group control table 301 (S504) and terminates 
the processing. 

Then, the processing when the RAID group 82 
to which the logical volume 83, the target of the read 
request, belongs is in a power saving mode will be 
explained. The read request responding section 204 
reads data from the hard disk drives 80 not in a power 
saving mode using the redundancy of the RAID (S505) . 
The read request responding section 204 sends the read 



data to the information processing apparatus 20. Then, 
the power saving mode cancellation section 205 cancels 
the power saving mode of the hard disk drives 80 in a 
power saving mode (S506) . The access time storage 
section 201 registers the current time acquired from 
the time counting mechanism 16 as the access time in 
the RAID group control table 301. The power saving 
mode cancellation section 205 deletes the mounting 
position, communication path number and power saving 
start time which constitute power saving information 
(S507) . Then, the power saving mode cancellation 
section 205 starts power saving processing on the RAID 
group 82, the target of the read request (S508) . 

The power saving mode of the hard disk drives 
80 can be canceled by restarting the spinning of the 
stopped spindle or changing the operating mode to an 
active mode, etc. 
== WRITE processing flow — 

Fig. 6 is a flow chart showing a processing 
flow when a data write request is received from the 
information processing apparatus 20. 

When the host interface 40 receives the data 
write request from the information processing apparatus 
20 (S601), the write request responding section 207 
checks whether the RAID group 82 to which the logical 
volume 83, the target of the write request, belongs is 
in a power saving mode or not (S602) . 

When the RAID group 82 is not in the power 
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saving mode, the write request responding section 207 
executes WRITE processing of writing data in the hard 
disk drives 80 making up the logical volume 83 (S602) 
and notifies the information processing apparatus 20 of 
the completion of the write processing. The access 
time storage section 201 registers the current time 
acquired from the time counting mechanism 16 as the 
access time in the RAID group control table 301 (S604) 
and terminates the processing. 

Then, the processing when the RAID group 82 
to which the logical volume 83, the target of the write 
request, belongs is in a power saving mode will be 
explained. Here, in the power saving processing in 
Fig. 4, suppose the spare drive storage section 206 
stores duplicates of the data stored in the hard disk 
drives 80 in the spare drives 85 before the power 
saving mode execution section 202 sets the hard disk 
drives 80 to a power saving mode (S404). 

The write request responding section 207 
executes WRITE processing of writing data in the hard 
disk drives 80 making up the logical volume 83 not in a 
power saving mode and the spare drives 85 (S605) and 
notifies the information processing apparatus 20 of the 
completion of the write processing. 

The power saving mode cancellation section 
205 cancels the power saving mode of the hard disk 
drive 80 in a power saving mode (S606) . The power 
saving mode cancellation section 205 reconstructs the 



duplicates of the data stored in the spare drives 85 in 
the hard disk drives 80 whose power saving mode has 
been canceled (S607) . It is also possible for the 
position information storage section 208 to store the 
position information of the data written in the spare 
drives 85 by the write request responding section 207 
in the cache memory 60. In this case, when the data is 
reconstructed from the spare drives 85 to the hard disk 
drives 80 (S607), the power saving mode cancellation 
section 205 can reconstruct only the data indicated by 
the position information stored in the cache memory 60 
to the hard disk drives 80. The access time storage 
section 201 registers the current time acquired from 
the time counting mechanism 16 as the access time in 
the RAID group control table 301. The power saving 
mode cancellation section 205 deletes the power saving 
information (S608) . Then, the power saving mode 
cancellation section 205 starts power saving processing 
for the RAID group 82, the target of the write request 
(S609) . 

In Fig. 6, the method of using the spare 
drives 85 when a request for a write to the hard disk 
drives 80 in a power saving mode is received has been 
explained, but there is also a method not using any 
spare drives 85. This method will be explained using 
the flow chart in Fig. 7. 

The processing from S701 to S704 in Fig. 7 is 
the same as the processing from S601 to S604 in Fig. 6. 



The processing when the RAID group 82 to which the 
logical volume 83, the target of the write request, 
belongs is in a power saving mode will be explained. 

The write request responding section 207 
executes WRITE processing of writing data in the hard 
disk drives 80 not in a power saving mode making up the 
logical volume 83 (S705) and notifies the information 
processing apparatus 20 of the completion of the write 
processing . 

The power saving mode cancellation section 
205 cancels the power saving mode of the hard disk 
drives 80 in a power saving mode (S706) . The power 
saving mode cancellation section 205 generates data to 
be stored in the hard disk drives 80 in a power saving 
mode from the data stored in the hard disk drives 80 
which are not in a power saving mode and reconstructs 
the generated data in the hard disk drives 80 whose 
power saving mode has been canceled (S707). 

It is also possible to allow the position 
information storage section 208 to store the position 
information of the data which is originally supposed to 
be written when the hard disk drives 80 are in a power 
saving mode in the cache memory 60. In this case, when 
the data is reconstructed from the hard disk drives 80 
not in a power saving mode (S707), the power saving 
mode cancellation section 205 can reconstruct only the 
data indicated by the position information stored in 
the cache memory 60 in the hard disk drives 80. The 
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access time storage section 201 registers the current 
time acquired from the time counting mechanism 16 as 
the access time in the RAID group control table 301. 
The power saving mode cancellation section 205 deletes 
the power saving information (S708) . Then, the power 
saving mode cancellation section 205 starts power 
saving processing for the RAID group 82, the target of 
the write request (S709) . 

The power saving processing, READ processing 
and WRITE processing have been explained so far. 

In the aforementioned power saving 
processing, when there is no access request such as a 
request for a data write to the logical volume 83 
formed in the RAID group 82 for a predetermined period 
of time, a number of the hard disk drives 80 according 
to the redundancy of the RAID group 82 are set to a 
power saving mode. From this, it is possible to obtain 
a power saving effect without considerably 
deteriorating the performance of access from the 
information processing apparatus 20 to the hard disk 
drives 80. 

Furthermore, the aforementioned READ 
processing reads data using the hard disk drives 80 not 
in a power saving mode and then cancels the power 
saving mode of the hard disk drives 80 in a power 
saving mode. Thus, by canceling the power saving mode 
of the hard disk drives 80 following a response to an 
access request, it is possible to quickly perform 
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processing accompanying the subsequent read requests or 
write requests. 

Furthermore in the WRITE processing shown in 
Fig. 6, data to be written in the hard disk drives 80 
5 in a power saving mode is written in the spare drives 
85 and the information processing apparatus 20 thereby 
receives a response that the writing has been 
completed. Then, the power saving mode of the hard 
disk drives 80 in a power saving mode is canceled and 
10 the data stored in the spare drives 85 is written in 
the hard disk drives 80. This allows the information 
processing apparatus 20 to complete data write 
processing without waiting until the power saving mode 
of the hard disk drives 80 in a power saving mode is 
15 canceled, which prevents a reduction of the performance 
of accessing the hard disk drives 80 from the 
information processing apparatus 20. The position 
information of the data written in the spare drives 85 
is stored, and it is thereby possible to reconstruct 
20 only the data written in the spare drives 85 while the 
hard disk drives 80 are in a power saving mode in the 
hard disk drives 80. This can shorten the time for 
reconstructing the hard disk drives 80 when the power 
saving mode of the hard disk drives 80 is canceled. 
25 Furthermore, in the WRITE processing shown in 

Fig. 7, data is written in only the hard disk drives 80 
not in a power saving mode out of the RAID group 82 and 
the information processing apparatus 20 is thereby 



notified that the writing has been completed. Then, 
the power saving mode of the hard disk drives 80 in a 
power saving mode is canceled and data is reconstructed 
in the hard disk drives 80 whose power saving mode has 
been canceled using the redundancy of the RAID. As 
with the WRITE processing in Fig. 6, this allows the 
information processing apparatus 20 to complete the 
data write processing without waiting until the power 
saving mode of the hard disk drives 80 in a power 
saving mode is canceled. In this way, it is possible 
to prevent the performance of accessing the hard disk 
drives 80 from the information processing apparatus 20 
from deteriorating. It is also possible to store the 
position information of the data which is originally 
supposed to be written in the hard disk drives 80 while 
the hard disk drives 80 are in a power saving mode. 
For this reason, it is possible to reconstruct the data 
in the hard disk drives 80 which has been in a power 
saving mode only from the data written in the other 
hard disk drives 80 of the RAID group 82 while the hard 
disk drives 80 are in a power saving mode. When the 
power saving mode of the hard disk drives 80 is 
canceled, it is possible to shorten the time of 
reconstructing the hard disk drives 80. 

Furthermore, when the hard disk drives 80 to 
be set to a power saving mode are selected, the 
communication path selection section 203 selects a 
communication path 81 having the least number of hard 
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disk drives 80 in a power saving mode connected to the 
communication path 81. For this reason, the number of 
hard disk drives in a power saving mode of each 
communication path 81 is equalized. This prevents 
5 extreme biases from occurring in the data traffic in 
each communication path 81 producing noticeable 
differences in access performance among communication 
paths 81. 

2 . Second embodiment 

10 Then, a second embodiment of the present 

invention will be explained. The hardware 
configuration including a disk array apparatus 
according to the second embodiment is similar to that 
shown in Fig. 1 explained in the first embodiment. In 

15 the second embodiment, a disk array apparatus 10 

includes hard disk drives 80 which are first hard disk 
drives whose interface standard is a fiber channel and 
hard disk drives 80 which are second hard disk drives 
whose interface standard is a serial ATA. However, the 

20 interface standard is not limited to the above 

described standards if the life of the second hard disk 
drives is at least shorter than the life of the first 
hard disk drives. 

First, a mode of connection between a disk 

25 interface 50 and hard disk drives 80 will be explained. 

Fig. 8 shows a connection mode when the 
interface standard of the hard disk drives 80 is a 
fiber channel. When communication paths 81 are FC-AL, 



a plurality of PBCs (Port Bypass Circuits) 801 are 
provided. The PBC 801 provides a function of 
connecting the disk interface 50 and hard disk drives 
80 whose interface standard is a fiber channel. 
Furthermore, the PBC 801 also has the function of 
separating the hard disk drives 80 having trouble from 
the FC-AL allowing the disk interface 50 to communicate 
with other hard disk drives 80. 

Fig. 9 illustrates an example of a connection 
mode when the interface standard of the hard disk 
drives 80 is other than the fiber channel such as a 
serial ATA standard. Since it is impossible to connect 
the hard disk drives 80 of the interface standard 
directly to the FC-AL, a converter 901 is used. The 
converter 901 is a circuit for converting data or 
signal in the interface standards of the fiber channel 
and serial ATA. In the example of Fig. 9, the 
converter 901 is provided in such a way that all hard 
disk drives 80 in a basic case 11 or additional case 12 
make conversions from the fiber channel to serial ATA. 
Therefore, in the case in which the converter 901 is 
provided, all hard disk drives 80 have the interface 
standard of serial ATA. 

Fig. 10 illustrates a configuration example 
of a RAID group 82 when the converter 901 is provided 
in the additional case 12 as shown in Fig. 9. In the 
basic case 11, RAID groups 1001 and 1002 made up of 
fiber channel hard disk drives 80 are formed. Since 
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the converter 901 is provided in the additional case 
12, RAID groups 1003 and 1004 made up of serial ATA 
hard disk drives 80 are formed. 

Fig. 11 illustrates another example of 
5 connecting hard disk drives 80 of any standard other 
than the fiber channel standard such as a serial ATA 
standard. As with Fig. 8, a plurality of PBCs 801 are 
connected to the FC-AL. The serial ATA hard disk drive 
1101 is provided with a converter 901 and the converter 

10 901 is connected to the PBC 801. This allows the 

serial ATA hard disk drive 1101 to transfer data and 
signal to/from the disk interface 50. Furthermore, in 
this connection mode, it is also possible to connect a 
hard disk drive 1102 of a fiber channel standard. 

15 Fig. 12 illustrates a configuration example 

of a RAID group 82 when the converter 901 is provided 
as shown in Fig. 11. In the basic case 11, RAID groups 
1201 and 1202 are formed and the RAID group 1201 
consists of only fiber channel hard disk drives 80 and 

20 the RAID group 1202 consists of only serial ATA hard 
disk drives 80. Furthermore, in the additional case 
12, RAID groups 1203 and 1204 are formed, each of which 
consists of a mixture of fiber channel hard disk drives 
80 and serial ATA hard disk drives 80. In this way, 

25 when the converter 901 is provided as shown in Fig. 11, 
it is possible to mix fiber channel hard disk drives 80 
and serial ATA hard disk drives 80 in one case or one 
RAID group 82. 
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Fig. 13 is a block diagram showing functions 
of a controller 13 according to the second embodiment. 
The controller 13 is provided with an access time 
storage section 1301, a power saving mode execution 
5 section 1302, a power saving start time storage section 
1303, a power saving mode cancellation section 1304, a 
continuous operation time storage section 1305, a batch 
spare execution section 1306, an accumulated operation 
time storage section 1307, a load time storage section 

10 1308, an unload execution section 1309, an error count 
storage section 1310, a dynamic spare execution section 
1311, a read request responding section 1312, a spare 
drive storage section 1313, a write request responding 
section 1314, a position information storage section 

15 1315 and an upper limit check section 1316. The 

sections 1301 to 1316 are implemented by a CPU 14 of 
the controller 13 executing a program stored in a 
memory 15. 

The continuous operation time storage section 
20 1305 stores a continuous operation time in the RAID 

group control table 1401 for each RAID group 82. The 
continuous operation time for each RAID group 82 is a 
time during which the hard disk drives 80 which belong 
to the RAID group 82 continuously operate without being 
25 set to a power saving mode. 

The accumulated operation time storage 
section 1307 stores an accumulated operation time for 
each hard disk drive 80 in the hard disk drive control 
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table 1402, The accumulated operation time for each 
hard disk drive 80 is an accumulation of time segments 
during which each hard disk drive 80 operates without 
being set to a power saving mode, 
5 When the head operation system of the hard 

disk drives 80 is a load/unload system, the load time 
storage section 1308 acquires the current time from the 
time counting mechanism 16 when the head is loaded on 
the magnetic disk and stores it in a hard disk drive 

10 control table 1402. 

The error count storage section 1310 stores 
the count of errors which have occurred in the hard 
disk drives 80 in the hard disk drive control table 
1402 for each hard disk drive 80. 

15 Fig. 14 illustrates a RAID group control 

table 1401, a hard disk drive control table 1402, a 
power saving control table 1403, a spare control table 
1404, an unload wait time 1405, an upper limit control 
table 1406 and an error control table 1407 stored in 

20 the memory 15. 

The RAID group control table 1401 includes 
fields like "setting RAID", "control LUN", "power 
saving start time" and "access time" as in the case of 
the first embodiment. The contents set in these fields 

25 are the same as those of the first embodiment. 

The RAID group control table 1401 further 
includes fields "drive type", "usage mode" and 
"continuous operation time." The "drive type" field 
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sets information on the interface standard of the hard 
disk drives 80 making up the RAID group 82. In this 
embodiment, "FC" is set when the interface standard of 
all the hard disk drives 80 which belong to the RAID 
group 82 is a fiber channel and "SATA" is set when the 
interface standard of all the hard disk drives 80 which 
belong to the RAID group 82 is a serial ATA. 
Furthermore, as shown in Fig. 12, "mixed" is set when 
the interface of the hard disk drives 80 which belong 
to the RAID group 82 is a mixture of a fiber channel 
and serial ATA. The "usage mode" field sets the usage 
mode for each RAID group 82. 

The usage mode indicates whether the RAID 
group 82 is used or not for processing in which the 
access performance of a key task, etc., is very 
important or whether the RAID group 82 is used or not 
for processing in which deterioration of the access 
performance such as backup processing causes no 
significant problem. In this embodiment, the usage 
mode in a key task is expressed as "on-line" and the 
usage mode in backup processing, etc., is expressed as 
"near line . " 

The hard disk drive control table 1402 is 
intended to control information for each hard disk 
drive 80 and includes fields "setting RAID", "drive 
number", "load time", "accumulated operation time", 
"unload count" and "error count." 

The "setting RAID" field sets the RAID group 



82 to which the hard disk drives 80 belong. The "drive 
number" field sets the number indicating the hard disk 
drive 80. The "load time" field sets the time at which 
the head is loaded on the magnetic disk registered by 
the load time storage section 1308. The "accumulated 
operation time" field sets the accumulated operation 
time for each hard disk drive 80 registered by the 
accumulated operation time storage section 1307. The 
"unload count" field stores the number of times the 
head is unloaded in the hard disk drives 80. The 
"error count" field stores the count of errors such as 
write errors in the hard disk drives 80 registered by 
the error count storage section 1310. 

The power saving control table 1403 includes 
"power saving wait time" and "power saving time" 
fields. The "power saving wait time" field sets the 
time until the hard disk drives 80 are set to a power 
saving mode as in the case of the first embodiment. 
The "power saving time" field sets the time until the 
power saving mode of the hard disk drives 80 in a power 
saving mode is canceled. 

The spare control table 1404 includes "spare 
wait time" and "spare time" fields. The "spare wait 
time" field sets the wait time for each RAID group 82 
after the data stored in the hard disk drives 80 is 
copied to the spare drives 85 until all the hard disk 
drives 80 of the RAID group 82 are set to a power 
saving mode. The "spare time" field sets the time 
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until the power saving mode of the hard disk drives 80 
in a power saving mode is canceled using the spare 
drives 85. 

The unload wait time 1405 sets the wait time 
after the load time at which the head is loaded on the 
magnetic disk of the hard disk drives 80 until the head 
is unloaded. The upper limit control table 1406 is 
provided with "upper limit operation time" and "upper 
limit unload count" fields. When the accumulated 
operation time or unload count for each hard disk drive 
80 stored in the hard disk drive control table 1402 
exceeds the upper limit operation time or upper limit 
unload count set in the upper limit control table 1406, 
a request for replacing the hard disk drives 80 is sent 
to the control terminal 90. 

The error control table 1407 includes 
"operation time" and "upper limit error count" fields. 
The "operation time" field sets the range of the 
accumulated operation time in the hard disk drives 80 
and the "upper limit error count" field sets the upper 
limit value of an error count corresponding to the 
operation time. When the error count of the hard disk 
drives 80 exceeds the upper limit error count 
corresponding to the operation time set in the error 
control table 1407, dynamic spare processing which will 
be described later is carried out for the hard disk 
drives 80. 

== Power saving processing flow == 



Fig. 15 is a flow chart showing power saving 
processing executed by the CPU 14. The power saving 
processing is carried out for each RAID group 82. 

Concerning the RAID group 82 as the target, 
the power saving mode execution section 1302 monitors 
whether the difference between the access time 
registered in the RAID group control table 1401 and the 
current time acquired from the time counting mechanism 
16 exceeds the power saving wait time set in the power 
saving control table 1403 or not (S1501) . When the 
power saving wait time is exceeded, the power saving 
mode execution section 1302 checks whether the drive 
type of the RAID group 82 is "FC" or the usage mode is 
"on-line" (S1502) . 

When the drive type is "FC" or the usage mode 
is "on-line, " the power saving mode execution section 
1302 selects a number of hard disk drives 80 according 
to the redundancy of the RAID group 82 with reference 
to the hard disk drive control table 1402 and giving 
priority to those having a long accumulated operation 
time (S1503) . The power saving mode execution section 
1302 sets the selected hard disk drives 80 to a power 
saving mode (S1504). The power saving start time 
storage section 1303 registers the current time 
acquired from the time counting mechanism 16 as the 
power saving start time in the RAID group control table 
1401 (S1505) . The power saving mode cancellation 
section 1304 monitors whether the difference between 



- 37 - 

the power saving start time and the current time 
acquired from the time counting mechanism 16 exceeds 
the power saving time set in the power saving control 
table 1403 or not (S1506) . When the power saving time 
is exceeded, the power saving mode cancellation section 
1304 cancels the power saving mode of the hard disk 
drives 80 in a power saving mode (S1507) and deletes 
the power saving start time of the RAID group control 
table 1401 (S1508). When the drive type is "FC" or the 
usage mode is "on-line, " a series of processes of 
selecting the hard disk drives 80 with a long 
accumulated operation time and setting them to a power 
saving mode (S1503 to S1508) is executed repeatedly. 

When the drive type is other than "FC" and 
the usage mode is "near line, " the power saving mode 
execution section 1302 sets an arbitrary number of the 
hard disk drives 80 to a power saving mode 
independently of the redundancy of the RAID group 82. 
In this embodiment, the power saving mode execution 
section 1302 sets all the hard disk drives 80 which 
belong to the RAID group 82 to a power saving mode 
(S1509) . Here, not all the hard disk drives 80 which 
belong to the RAID group need to be set to a power 
saving mode. 

== READ processing flow == 

Fig. 16 is a flow chart showing a processing 
flow when a data read request is received from the 
information processing apparatus 20. 
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When the host interface 40 receives a data 
read request from the information processing apparatus 
20 (S1601), the read request responding section 1312 
refers to the RAID group control table 1401 and checks 
whether the RAID group 82 to which the logical volume 
83, the target of the read request, belongs is set to a 
power saving mode or not (S1602) . When the RAID group 
82 is in a power saving mode, the read request 
responding section 1312 checks whether the drive type 
of the RAID group 82 in a power saving mode is "FC" or 
not or the usage mode is "on-line" or not (S1603) . 

When the RAID group 82 is not in a power 
saving mode or when it is in a power saving mode but 
the drive type is "FC" or the usage mode is "on-line," 
the read request responding section 1312 reads data 
from the hard disk drives 80 not in a power saving mode 

(51604) and sends the data to the information 
processing apparatus 20. Then, the read request 
responding section 1312 registers the current time 
acquired from the time counting mechanism 16 as the 
access time in the RAID group control table 1401 

(51605) and terminates the processing. 

Then, the processing when the RAID group 82 
to which the logical volume 83, the target of the read 
request, belongs is in a power saving mode and the 
drive type is not "FC" and the usage mode is not "on- 
line" will be explained. In this case, all the hard 
disk drives 80 which belong to the RAID group 82 are in 



a power saving mode. Therefore, the read request 
responding section 1312 cancels the power saving mode 
of these hard disk drives 80 (S1606) . Then, the read 
request responding section 1312 reads data from the 
hard disk drives 80 whose power saving mode has been 
canceled (S1607) and sends the data to the information 
processing apparatus 20. The access time storage 
section 1312 registers the current time acquired from 
the time counting mechanism 16 as the access time in 
the RAID group control table 1401. The read request 
responding section 1312 deletes the power saving start 
time (S1608). Then, the read request responding 
section 1312 starts power saving processing for the 
RAID group, the target of the read request (S1609) . 
== WRITE processing flow == 

Fig. 17 is a flow chart showing a processing 
flow when a data write request is received from the 
information processing apparatus 20. 

When the host interface 40 receives a data 
write request from the information processing apparatus 
20 (S1701) , the write request responding section 1314 
checks whether the RAID group 82 to which the logical 
volume 83, the target of the write request, belongs is 
in a power saving mode or not (S1702) . 

When the RAID group 82 is not in a power 
saving mode, the write request responding section 1314 
executes WRITE processing of writing data in the hard 
disk drives 80 making up the logical volume 83 (S1703) 



and notifies the information processing apparatus 20 of 
the completion of the write processing. The access 
time storage section 1301 registers the current time 
acquired from the time counting mechanism 16 as the 
access time in the RAID group control table 1401 
(S1704) and terminates the processing. 

The processing when the RAID group 82 to 
which the logical volume 83, the target of the write 
request, belongs is in a power saving mode will be 
explained. The write request responding section 1314 
checks whether the drive type of the RAID group 82 in a 
power saving mode is "FC" or not or the usage mode is 
"on-line" or not (S1705) . 

First, the processing when the drive type of 
the RAID group 82 to which the logical volume 83, the 
target of the write request, belongs is not "FC" and 
the usage mode is not "on-line" will be explained. The 
write request responding section 1314 cancels the power 
saving mode of the hard disk drives 80 in a power 
saving mode (S1706) . The write request responding 
section 1314 executes WRITE processing using the hard 
disk drives 80 whose power saving mode has been 
canceled (S1707) and notifies the information 
processing apparatus 20 of the completion of write 
processing. The access time storage section 1301 
registers the current time acquired from the time 
counting mechanism 16 as the access time in the RAID 
group control table 1401. Then, the write request 



responding section 1314 starts power saving processing 
on the RAID group (S1709) . 

Then, the processing when the drive type of 
the RAID group 82 to which the logical volume 83, the 
target of the write request, belongs is "FC" or the 
usage mode is "on-line" will be explained. Here, in 
the power saving processing in Fig. 15, suppose the 
spare drive storage section 1313 stores duplicates of 
the data stored in the hard disk drives 80 in the spare 
drives 85 before the power saving mode execution 
section 1302 sets a number of the hard disk drives 80 
according to the redundancy of the RAID group 82 to a 
power saving mode (S1504) . The write request 
responding section 1314 executes WRITE processing of 
writing data in the hard disk drives 80 making up the 
logical volume 83 and not in a power saving mode and 
the spare drives 85 (S1710) and notifies the 
information processing apparatus 20 of the completion 
of the write processing. The position information 
storage section 1315 stores position information on the 
data written in the spare drives 85 in the cache memory 
60 (S1711) . The access time storage section 1301 
registers the current time acquired from the time 
counting mechanism 16 as the access time in the RAID 
group control table 1401 (S1712) . 

Thus, in the case where the spare drives 85 
are used, when the power saving mode is canceled 
through the power saving processing in Fig. 15 (S1507), 



the power saving mode cancellation section 1304 
reconstructs the data stored in the spare disk 85 in 
the hard disk drives 80. That is, the power saving 
mode cancellation section 1304 reconstructs the 
duplicates of the data stored in the spare disks 85 in 
the hard disk drives 80 whose power saving mode has 
been canceled. In this case, the power saving mode 
cancellation section 1304 may also be adapted so as to 
reconstruct only the data indicated by the position 
information stored in the cache memory 60. This makes 
it possible to shorten the time of reconstructing the 
data in the hard disk drives 80. 

In Fig. 17, the method using the spare drives 
85 has been described, but there is also a method not 
using the spare drives 85. This method will be 
explained using the flow chart in Fig. 18. 

The processing from S1801 to S1809 in Fig. 18 
is the same as the processing from S1701 to S1709 in 
Fig. 17. 

The processing when the RAID group 82 to 
which the logical volume 83, the target of the write 
request, belongs is in a power saving mode and the 
drive type is "FC" or the usage mode is "on-line" will 
be explained. 

The write request responding section 1314 
executes WRITE processing of writing data in the hard 
disk drives 80 making up the logical volume 83 and not 
in a power saving mode (S1810) and notifies the 



information processing apparatus 20 of the completion 
of the write processing. The position information 
storage section 1315 stores position information on the 
data which is originally supposed to be written in the 
hard disk drives 80 in a power saving mode in the cache 
memory 60 (S1811). The access time storage section 
1301 registers the current time acquired from the time 
counting mechanism 16 as the access time in the RAID 
group control table 1401 (S1812) . 

Thus, when data is written in only the hard 
disk drives 80 of the RAID group 82 not in a power 
saving mode, the power saving mode cancellation section 
1304 reconstructs the data in the hard disk drives 80 
in a power saving mode using the redundancy of the RAID 
when the power saving mode in Fig. 15 is canceled 
(S1507) . That is, the power saving mode cancellation 
section 1304 generates the data of the hard disk drives 
80 in a power saving mode from the data stored in the 
hard disk drives 80 of the RAID group not in a power 
saving mode. Then, the power saving mode cancellation 
section 1304 stores the data generated in the hard disk 
drives 80 whose power saving mode has been canceled. 
In this case, the power saving mode cancellation 
section 1304 may also be adapted so as to reconstruct 
only the data indicated by the position information 
stored in the cache memory 60. This makes it possible 
to shorten the time of reconstructing the data in the 
hard disk drives 80. 
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Power saving processing, READ processing and 
WRITE processing have been explained so far. The 
serial ATA hard disk drives 80 have lower reliability 
and shorter life than the fiber channel hard disk 
5 drives 80. However, the serial ATA hard disk drives 80 
are less expensive than the fiber channel hard disk 
drives 80, and therefore their use for tasks other than 
key tasks is rapidly increasing. Furthermore, for the 
serial ATA hard disk drives 80, the operation time 

10 largely affects the life, and therefore it is possible 
to extend their service life by reducing the operation 
time. Thus, as with the aforementioned power saving 
processing, in the case of the serial ATA hard disk 
drives 80, by setting more hard disk drives 80 than the 

15 fiber channel hard disk drives 80 to a power saving 

mode, it is possible to extend the life of the entire 
disk array apparatus 10 made up of the serial ATA hard 
disk drives 80. As the interface standard, the fiber 
channel and serial ATA have been explained, but any 

20 interface standards can achieve similar effects if 

their hard disk drives at least have a difference in 
their life. 

Furthermore, the fiber channel hard disk 
drives 80 are often used for tasks whose access 

25 performance is important such as on-line processing of 
key tasks. For this reason, setting a number of hard 
disk drives 80 according to the redundancy of the RAID 
group 82 to a power saving mode allows the power saving 



effect to be achieved without significantly reducing 
the access performance. On the other hand, the serial 
ATA hard disk drives 80 are often used for tasks to 
which a reduction of access performance is not a great 
problem such as tasks other than key tasks. For this 
reason, setting all the hard disk drives 80 making up 
the RAID group 82 to a power saving mode without 
depending on the redundancy of the RAID group 82 allows 
a greater power saving effect to be achieved. 

Furthermore, the RAID group 82 made up of a 
mixture of the fiber channel hard disk drives 80 and 
serial ATA hard disk drives 80 may also be used for 
tasks whose access performance is important such as 
"on-line" processing of key tasks. In this case, 
setting a number of hard disk drives according to the 
redundancy of the RAID group 82 to a power saving mode 
allows the power saving effect to be achieved without 
drastically reducing the access performance. 
Furthermore, the RAID group 82 may also be used for 
tasks to which a reduction of the access performance is 
not a great problem such as "near line" processing. In 
this case, setting all the hard disk drives 80 making 
up the RAID group 82 to a power saving mode without 
depending on the redundancy of the RAID group 82 allows 
a greater power saving effect to be achieved. 

Furthermore, when a number of the hard disk 
drives 80 according to the redundancy of the RAID group 
82 are set to a power saving mode, the hard disk drives 



80 having a long accumulated operation time out of the 
hard disk drives 80 which belong to the RAID group 82 
are set to a power saving mode. In this way, it is 
possible to reduce variations in the accumulated 
operation time of the hard disk drives 80 in the RAID 
group 82 and level out the life of the hard disk drives 
80. Furthermore, when the hard disk drives 80 are in a 
power saving mode, if the state in which there is no 
read request or write request between the information 
processing apparatus 20 and the RAID group 82 to which 
the hard disk drives 80 belong continues, the hard disk 
drives 80 to be set to a power saving mode at 
predetermined time intervals are changed in the RAID 
group 82. In this way, it is possible to suppress 
variations in the accumulated operation time of the 
hard disk drives 80 in the RAID group 82 and level out 
the life of the hard disk drives 80. 
== Spare processing flow == 

Fig. 19 is a flow chart showing a processing 
flow of setting the hard disk drives 80 to a power 
saving mode for each RAID group using the spare drives 
85. 

The batch spare execution section 1306 refers 
to the RAID group control table 1401 and monitors 
whether there is any RAID group 82 whose continuous 
operation time exceeds the spare wait time set in the 
spare control table 1404 (S1901) . When there is some 
RAID group 82 which exceeds the spare wait time, the 



batch spare execution section 1306 stores duplicates of 
data stored in all the hard disk drives 80 which belong 
to the RAID group 82 in the spare drives 85 (S1902) . 
In this condition, when the information processing 
apparatus 20 issues a request for a read from the RAID 
group, the read request responding section 1312 
executes processing on the read request using the spare 
drives 85. Likewise, when the information processing 
apparatus 20 issues a request for a write to the RAID 
group, the write request responding section 1314 
executes the processing on the write request using the 
spare drives 85. 

The batch spare execution section 1306 sets 
all the hard disk drives 80 which belong to the RAID 
group 82 to a power saving mode (S1903) . The batch 
spare execution section 1306 registers the current time 
acquired from the time counting mechanism 16 as the 
power saving start time in the RAID group control table 
1401 (S1904) . Then, the batch spare execution section 
1306 monitors whether the difference between the power 
saving start time and current time exceeds the spare 
time set in the spare control table 1404 or not 
(S1905) . When the spare time is exceeded, the batch 
spare execution section 1306 cancels the power saving 
mode of all the hard disk drives 80 of the RAID group 
82 (S1906) . Then, the batch spare execution section 
1306 stores duplicates of the data stored in the spare 
drives 85 in the hard disk drives 80 of the RAID group 



82. The batch spare execution section 1306 deletes the 
power saving start time of the RAID group control table 
1401 (S1907) and restarts to monitor the RAID group 82 
which exceeds the spare wait time (S1901) . 
5 In this way, by copying data in the spare 

drives 85 for each RAID group 82 at certain time 
intervals irrespective of the presence/absence of an 
access request and then setting the hard disk drives 80 
to a power saving mode, it is possible to extend the 
10 life of the hard disk drives 80 without reducing the 
performance of access from the information processing 
apparatus 20 . 

== Unload processing flow == 

Fig . 20 is a flow chart showing a processing 

15 flow of unloading the head of the hard disk drives 80. 

The unload execution section 1309 refers to 
the hard disk drive control table 1402 and monitors if 
there are any hard disk drives 80 in which the 
difference between the load time and the current time 

20 acquired from the time counting mechanism 16 exceeds 
the time set in the unload wait time 1405 (S2001) . 
When there are some hard disk drives 80 which exceed 
the unload wait time, the unload execution section 1309 
unloads the head of the hard disk drives 80 (S2002) . 

25 The unload execution section 1309 increments the unload 
count of the hard disk drives 80 by 1 in the hard disk 
drive control table 1402 (S2003) . Then, the unload 
execution section 1309 reloads the head of the hard 



disk drives 80 (S2003) . The load time storage section 
1308 registers the current time acquired from the time 
counting mechanism 16 as the load time in the hard disk 
drive control table 1402 (S2004) . 

When the hard disk drives 80 are in 
operation, the head for reading/writing data is 
positioned above a spinning magnetic disk with a space 
of approximately several ten nm. When the magnetic 
disk is spinning, grooves are produced in a lubricant 
on the surface of the magnetic disk due to a wind 
pressure from the head. For this reason, in the case 
of the load/unload system hard disk drives 80, it is 
possible to unload the head at certain time intervals, 
smooth projections and depressions of the lubricant on 
the surface of the magnetic disk and reduce the 
possibility that the magnetic disk may be damaged by 
external shock, etc. 

== Upper limit check processing flow == 

Fig. 21 is a flow chart showing a processing 
flow of deciding the life of the hard disk drives 80 
and sending a request for replacement of the hard disk 
drives 80 to the control terminal 90 as required. 

The upper limit check section 1316 refers to 
the hard disk drive control table 1402 and monitors 
whether there are any hard disk drives 80 whose 
accumulated operation time exceeds the upper limit 
operation time set in the upper limit control table 
1406 or whose unload count exceeds the upper limit 
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unload count set in the upper limit control table 1406 
(S2001) . When there are some hard disk drives 80 which 
exceed the upper limit operation time or upper limit 
unload time, the upper limit check section 1316 sends 
5 the information that the hard disk drives 80 are at the 
end of their useful life to the control terminal 90. 

Thus, by deciding the life of the hard disk 
drives 80 based on the accumulated operation time and 
unload count of the head and sending a request for 

10 replacement of the hard disk drives 80 to the control 

terminal 90, etc., it is possible to prevent trouble of 
the hard disk drives 80. This can enhance availability 
of the entire disk array apparatus 10. 
== Dynamic spare processing flow == 

15 Fig. 22 is a flow chart showing a processing 

flow of replacing the hard disk drives 80 by the spare 
drives 85 based on the count of errors which have 
occurred in the hard disk drives 80. 

The dynamic spare execution section 1311 

20 refers to the hard disk drive control table 1402, 
monitors whether there are any hard disk drives 80 
whose error count exceeds an upper limit error count 
according to the accumulated operation time set in the 
error control table 1407 (S2201) . When there are some 

25 hard disk drives 80 whose error count exceeds the upper 
limit error count, the dynamic spare execution section 
1311 copies duplicates of data stored in the hard disk 
drives 80 to the spare drives 85 (S2202) . 



In this condition, when the information 
processing apparatus 20 issues a request for a read 
from the logical volume 83 constructed by including the 
hard disk drives 80, the read request responding 
section 1312 executes processing on the read request 
using the spare drives 85. Likewise, when the 
information processing apparatus 20 issues a request 
for a write to the logical volume 83 constructed by 
including the hard disk drives 80, the write request 
responding section 1314 executes processing on the 
write request using the spare drives 85. 

In this way, an error upper limit value is 
set for each accumulated operation time and when the 
upper limit value is exceeded, it is possible to copy 
data to the spare drives 85. Therefore, it is possible 
to perform control so as to start a response to an 
access request from the information processing 
apparatus 20 using the spare drives 85 before trouble 
occurs with the hard disk drives 80 to thereby avoid 
interruption of access due to the trouble with the hard 
disk drives 80. 

The foregoing embodiments have been explained 
so far, but these embodiments are intended to 
facilitate an understanding of the present invention 
and not to interpret the present invention 
restrictively . The present invention can be modified 
or improved in various manners without departing from 
the spirit of the present invention and the present 
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invention also includes the equivalents thereof. 



